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Abstract of JP20001 50574 
PROBLEM TO BE SOLVED: To improve 
mechanical strength by ensuring the wettability 
of solder to an electrode and by preventing Ni 
or the like in a barrier layer from being diffused 
into solder. SOLUTION: In a semiconductor 
device in which electrodes formed on a first 
substrate 21 and a second substrate 26 and 
having at least an Ni film 23a or an Ni alloy film 
28 are bonded to each other by solder 25b 
whose main component is Sn, Au-Sn 
compound films 31a, 31b are interposed 
between the Ni film or the Ni alloy film 23a, 28 
and the solder 25b such that it is in contact 
with the solder 25b. 
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Translation JP2000-150574 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim l]In a semiconductor device which it comes to join to the 1st substrate and 2nd 
substrate with solder in which the electrodes which were formed, respectively, and which 
have a Ni film or a Ni alloy film at least use Sn as the main ingredients, A semiconductor 
device, wherein Au-Sn compound membrane intervenes so that said solder may be 
touched between said Ni film or a Ni alloy film, and said solder. 
[Claim 2]The semiconductor device according to claim 1, wherein Sn-nickel compound 
membrane intervenes between said Ni film or a Ni alloy film, and said Au-Sn compound 
membrane. 

[Claim 3] A process of forming a multilayer electrode which has a Ni film or a Ni alloy 
film, and the topmost Au membrane at least on the 1st substrate, A process of forming a 
multilayer electrode which has a Ni film or a Ni alloy film, and the topmost Au 
membrane at least on the 2nd substrate, A process of forming a vamp on Au membrane 
of one of said electrodes at least among said 1st substrate or said 2nd substrate with 
solder which uses Sn as the main ingredients, A process which makes said 1st substrate 
or said 2nd substrate counter so that said electrode formation face may face each other, 
and contacts said electrode, said vamp, or said vamps mutually, While heating and 
carrying out melting of said vamp and including said Au in said Handa, A joining method 
by process to which said electrodes are joined with said solder, and solder heating further 
and forming Au-Sn compound membrane which touches said solder between said Ni film 
or a Ni alloy film, and said solder. 

[Claim 4] A process of forming an electrode which has a Ni film or a Ni alloy film at least 
on the 1st substrate, A process of forming an electrode which has a Ni film or a Ni alloy 
film at least on the 2nd substrate, A process of forming a vamp with solder which uses Sn 
as the main ingredients on said electrode of [ 1 / any / at least ] said 1st substrate or said 
2nd substrate, and contains Au, A process which makes said 1st substrate or said 2nd 
substrate counter so that said electrode formation face may face each other, and contacts 
said electrode, said vamp, or said vamps mutually, A joining method by process to which 
melting of said vamp is heated and carried out, and said electrodes are joined with said 
solder, and solder heating further and forming Au-Sn compound membrane which 
touches said solder between said Ni film or a Ni alloy film, and said solder. 
[Claim 5] A joining method by the solder according to claim 3 or 4, wherein cooking 
temperature which forms said Au-Sn compound membrane is lower than melting 
temperature of said solder. 

[Claim 6] A joining method by the solder according to any one of claims 4 to 5, wherein 
Sn-nickel compound membrane is formed between said Ni film or a Ni alloy film, and 
said Au-Sn compound membrane. 
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[Detailed Description of the Invention] 

This invention relates to the joining method by the semiconductor device and solder 
which connect electronic parts and the circuit board in more detail using the vamp of the 
solder which uses Sn as the main ingredients about the joining method by the 
semiconductor device and solder. 
[0001] 

[Description of the Prior Art]The portion to which an electronic equipment part article is 
joined with solder is a large majority. In electronic parts common in the solder used for 
junction, Sn-Pb eutectic solder (melting temperature of 183 **) is used widely. 
[0002]On the other hand, the solder (hereafter, Pb-5Sn is called and a similar display 
expresses the same contents as this.) which is the melting temperature of 3 14 ** with 
which 5% of Sn was added by Pb is known for the solder used for junction. Generally 
aluminum is used, solder is flipped and the wiring on LSI or the circuit board cannot be 
directly soldered on Al wiring, if it tries to perform junction to Al wiring using such 
solder. For this reason, the electrode by which the adhesion layer for improving adhesion 
with Al wiring, a barrier layer for solder not to be spread, and the upper layer for the 
wettability which consists of metal which is easily damp in solder were laminated is 
formed, it solders on the electrode of such composition and junction to other electrodes is 
formed. In this case, the electrode material for obtaining high bonding strength and the 
laminated structure of an electrode are needed. 

[0003]In the present Sn-Pb system solder, Ti and Cr are used for an adhesion layer, Cu 
and nickel are used for a barrier layer, and Au, Ag, Pd, etc. are used for the upper layer 
for wettability. 

[0004]In the flip chip mounting which is in use as a mounting method of LSI now, in 
order to station a solder bump to array form in the active region of an LSI chip, there is a 
problem that a soft error happens by the alpha rays generated from Pb in a solder 
material. A soft error increases as the minuteness making of an element and voltage 
lowering advance especially, and it has been a problem. 

[0005]The solder material which does not contain Pb from a point of an environmental 
problem, either is required, and development of the solder which uses Sn as the main 
ingredients is performed briskly. 

[0006]However, since there are many Sn components as compared with Pb-5Sn solder 
when carrying out a bump joint with the solder which uses Sn as the main ingredients, in 
the electrode configuration used with Pb-5Sn solder. When heating the solder bump who 
formed on the electrode more than the melting point and carrying out melting in the 
Bengbu formation process, nickel which carries out the role of a barrier layer is spread in 
Handa, the thickness of a Ni film decreases, and solder comes to contact the metal 
membrane of the ground of a Ni film. At this time, it turned out that solder is flipped by 
the metal membrane of a ground and defecting joinings, such as a solder bump's lack and 
a fall of bonding strength, occur mostly. 

[0007] When thickness of a Ni film or a Cu film tends to be thickened and it is going to 
prevent the above-mentioned fault, a lot of [ it is quick and / in a vamp formation process 
] nickel in Handa diffuses diffusion of nickel to the inside of Handa who uses Sn as the 
main ingredients, etc., and it forms Sn and an intermetallic compound. For this reason, it 
turned out that the mechanical strength of solder falls and the reliability of a joined part is 
reduced remarkably. 
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[0008]It also turned out that nickel of a barrier layer, etc. are spread in Handa, an 
electrode area is decreased, and reliability is reduced with heat loads, such as a thermal 
cycling test. 

[0009]Many Au(s) are used for the general electrode surface layer of electronic 
equipment as an antioxidant film. Since Au tends to diffuse Sn in the solder used as the 
main ingredients, for example, Pb-63Sn Handa, if the thickness of Au is thick, the 
quantity of Au which melts into Handa will increase, with an Au-Sn intermetallic 
compound, the mechanical strength of solder falls and a life becomes short. 
[0010]Then, the method of forming junction using Sn-Ag system solder is indicated, even 
if Au spreads and reacts into Handa, an Au-Sn intermetallic compound is distributed in 
Handa by operation of Ag, and the mechanical strength is kept from falling in JP,3- 
66492,A. 
[0011] 

[Problem(s) to be Solved by the Invention] However, if the gap between the electrode of 
an LSI chip and the electrode of the circuit board is set to 100 micrometers or less like 
flip chip mounting when Sn-Ag system solder is used, a solder portion will decrease, the 
stress release effect of solder will become small, and the stress concerning an electrode 
section will become large. And the influence will become increasingly large, if solder is 
consumed and the connection area of solder and an electrode decreases by diffusion of 
the metal of a barrier layer. For this reason, a soldered joint separates easily and 
reliability falls. 

[0012]Since the thickness which can secure wettability at worst further may be sufficient 
as the Au membrane of the upper layer for wettability in consideration of the balance of 
an antioxidant effect and the diffusing capacity to the inside of Handa, it makes the 
thickness thin with 0.1 micrometer or less in many cases. In this case, soldering time is 
lengthened and it is made to perform soldering temperature at an elevated temperature 
conventionally so that wettable [ at the time of soldering / poor ] may not come out. For 
this reason, in using the solder which uses Sn as the main ingredients and making a Ni 
film and a Ni alloy film into a barrier layer, into Handa, nickel of a barrier layer is spread 
so much, for this reason, weakens the mechanical strength of a soldered joint, and is 
reducing reliability. 

[0013]This invention is created in view of the problem of the above-mentioned 
conventional example, and is a thing. 

The purpose is providing the joining method by the semiconductor device and solder 
which can control diffusion into Handa, such as nickel of a barrier layer, and can raise the 
mechanical strength of a soldered joint while securing the wettability of**. 

[0014] 

[Means for Solving the Problem]In a semiconductor device which an invention of claim 1 
requires for a semiconductor device, and it comes to join to the 1st substrate and 2nd 
substrate with solder in which the electrodes which were formed, respectively, and which 
have a Ni film or a Ni alloy film at least use Sn as the main ingredients in order to solve 
an aforementioned problem, It is characterized by an Au-Sn compound layer intervening 
so that said solder may be touched between said Ni film or a Ni alloy film, and said 
solder. 

[00 15] An invention concerning claim 2 relates to the semiconductor device according to 
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claim 1 , and it is characterized by content of Sn in said Handa being more than 80wt%. 
[00 16] An invention concerning claim 3 relates to the semiconductor device according to 
claim 1 or 2, and it is characterized by Sn-nickel compound membrane intervening 
between said Ni film or a Ni alloy film, and said Au-Sn compound membrane. 
[001 7]A process of an invention concerning claim 4 starting a joining method by solder, 
and forming a multilayer electrode which has a Ni film or a Ni alloy film, and the 
topmost Au membrane at least on the 1st substrate, A process of forming a multilayer 
electrode which has a Ni film or a Ni alloy film, and the topmost Au membrane at least 
on the 2nd substrate, A process of forming a vamp on Au membrane of one of said 
electrodes at least among said 1st substrate or said 2nd substrate with solder which uses 
Sn as the main ingredients, A process which makes said 1 st substrate or said 2nd 
substrate counter so that said electrode formation face may face each other, and contacts 
said electrode, said vamp, or said vamps mutually, While heating and carrying out 
melting of said vamp and including said Au in said Handa, it is characterized by a 
process to which said electrodes are joined with said solder, and heating further and 
forming an Au-Sn compound layer which touches said solder between said Ni film or a 
Ni alloy film, and said solder. 

[001 8] A process of an invention concerning claim 5 starting a joining method by solder, 
and forming an electrode which has a Ni film or a Ni alloy film at least on the 1st 
substrate, A process of forming an electrode which has a Ni film or a Ni alloy film at 
least on the 2nd substrate, A process of forming a vamp with solder which uses Sn as the 
main ingredients on said electrode of [ 1 / any / at least ] said 1st substrate or said 2nd 
substrate, and contains Au, A process which makes said 1st substrate or said 2nd 
substrate counter so that said electrode formation face may face each other, and contacts 
said electrode, said vamp, or said vamps mutually, It is characterized by a process to 
which melting of said vamp is heated and carried out, and said electrodes are joined with 
said solder, and heating further and forming an Au-Sn compound layer which touches 
said solder between said Ni film or a Ni alloy film, and said solder. 
[00 19] An invention of claim 6 relates to a joining method by the solder according to 
claim 4 or 5, and it is characterized by content of Sn in said Handa being more than 
80wt%. 

[0020]An invention of claim 7 relates to a joining method by the solder according to any 
one of claims 4 to 6, and it is characterized by content of Au in said Handa when said 
electrodes are joined with said solder being more than 0.1 wt% and less than 20wt%. 
[0021] An invention of claim 8 relates to a joining method by solder of a statement among 
[ 1 / any ] claims 4 thru/or 7, and said solder is characterized by including any at least one 
of Ag, Bi, Cu, In, nickel, Sb, or Zn other than said Sn. 

[0022]Cooking temperature which an invention of claim 9 requires for claim 4 thru/or a 
joining method by solder given in any 1 shot eight, and forms said Au-Sn compound 
layer is characterized by being characterized by being lower than melting temperature of 
said solder. 

[0023] An invention of claim 10 relates to claim 4 thru/or a joining method by solder 
given in any 1 shot nine, and it is characterized by forming Sn-nickel compound 
membrane between said Ni film or a Ni alloy film, and said Au-Sn compound membrane. 
[0024]By the way, the following things were found out by invention-in-this-application 
person when the electrodes which have an alloy film containing a Ni film or nickel and 
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Au membrane were joined with solder which uses Sn as the main ingredients. 
[0025]That is, Au which is a component of a surface layer of an electrode is spread in 
Handa, an Au-Sn compound is formed, and it distributes in Handa. On the other hand, 
since nickel which is similarly a component of an electrode has the slow diffusion rate to 
inside of Sn containing solder as compared with Au, most forms Sn-Ni compounds right 
above an electrode. A dispersed Au-Sn compound is condensed around Sn-Ni compounds 
with heating below the melting point of solder. An Au-Sn compound layer formed in the 
surroundings of Sn-Ni compounds by condensing has an effect which controls diffusion 
of nickel to inside of Handa who uses Sn as the main ingredients. 
[0026] A semiconductor device of this invention is joined to the 1st substrate and 2nd 
substrate with solder in which the electrodes which were formed, respectively, and which 
have a Ni film or a Ni alloy film at least use Sn as the main ingredients, and an Au-Sn 
compound layer is made to intervene so that solder may be touched between a Ni film or 
a Ni alloy film, and solder. 

[0027]That is, since it has a function for which an Au-Sn compound layer which 
intervenes between a Ni film or a Ni alloy film, and solder controls diffusion of nickel, 
diffusion of nickel to inside of Sn system Handa can be controlled. 
[0028]In a formation method of a soldered joint of this invention, The electrodes which 
have an alloy film which fuses solder which uses Sn as the main ingredients, and contains 
a Ni film or nickel at least, and the Au membrane of the top layer are joined, and an Au- 
Sn compound layer which touches solder is formed between an alloy film and solder 
which heat further and contain a Ni film or nickel. 

[0029] Or when not using Au membrane for the top layer of an electrode, or when 
thickness of Au membrane is thin, solder which uses as the main ingredients Sn which 
made Au contain is used. 

[0030] It is preferred that it is made to perform film thickness adjusting and adjustment of 
content so that quantity of Au contained in Handa after all form junction by solder in 
these cases may be about 0.1wt%-20wt%. 

[0031] An Au-Sn compound layer can be formed between Sn-Ni compounds and solder 
which were formed right above an electrode by this on the occasion of joint formation 
between a Ni film in a rear electrode in which junction by solder was formed, etc. and 
solder. 

[0032]That is, when nickel with a slow diffusion rate to solder which uses Sn as the main 
ingredients is used as a component of an electrode, while a Sn-nickel compound layer is 
formed right above an electrode in the case of joint formation, an Au-Sn compound 
generates and distributes in Handa. And an Au-Sn compound distributed in Handa can be 
made to condense around a Sn-nickel compound layer by heating further at a temperature 
lower than the melting point of solder after joint formation. 

[0033]Thus, since an Au-Sn compound layer which can control diffusion of nickel can be 

made to intervene between a Ni film in an electrode, etc. and solder, and also between a 

Sn-nickel compound layer and solder, diffusion of nickel to inside of Handa can be 

controlled, and reduction in an electrode area can be prevented. 

[0034]By this, it can decrease in the poor vamp chip of soldered joint formation in 

process, a jointing condition even with after [ good ] joint formation can be maintained, 

and improvement in a heat-resistant fatigue life can be aimed at. 

[003 5] Although stress concentrates on an interface of an Au-Sn compound layer and 
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solder, a part which stress to a soldered joint concentrates can be shifted to a center 
section of the soldered joint by lengthening cooking time after joint formation, or 
increasing quantity of Au in Handa, and forming a thick Au-Sn compound layer. For this 
reason, stress to a soldered joint can be distributed to both substrates, and it can ease, and 
is effective in raising a life. 

[0036]Since growth of an Au-Sn compound layer is promoted by heating of a thermal 
cycling test etc. and a thick Au-Sn compound layer is formed, an effect which controls 
nickel diffusion into Handa further is acquired. 
[0037] 

[Embodiment of the Invention]Below, it explains, referring to drawings for an 
embodiment of the invention. 

[003 8] (A 1st embodiment) Drawing 1 - drawing 3 are the sectional views showing the 
semiconductor device created by joining method by the solder concerning a 1st 
embodiment of this invention, and a method for the same. 

[0039] Drawing 3 is a sectional view showing the semiconductor device created by the 
joining method by the solder concerning a 1st embodiment of this invention among those 
figures. 

[0040]The circuit board 26 in which the bonding electrode which is not illustrated on an 
aluminum nitride substrate (A1N board) or an alumina substrate and circuit wiring were 
formed as the semiconductor device was shown in drawing 3 , It laminates so that forming 
faces, such as a bonding electrode mutual in the semiconductor substrate 21 in which the 
integrated circuit which consists of the transistor which is not illustrated, wiring, a 
bonding electrode, etc. was formed, may counter, and it has the composition to which 
each bonding electrode is joined with the solder 25b. 

[0041]in this case - as the material of the solder 25b - the inside of tin (Sn) - silver 
(Ag) — 3.5wt% - what was contained is used. 

[0042]The solder 25b for junction is formed between the electrode which has Ni film 23a 
on the semiconductor substrate 21, and the electrode which has Ni film 28 on the circuit 
board 26, It has the composition in which the Au-Sn compound membrane 31a and 31b is 
formed so that the solder 25b may be touched at least, respectively between each Ni films 
23a and 28 and the solder 25b. 

[0043]When manufacturing the above-mentioned semiconductor device, on the relation 
which fuses a solder bump and forms the solder 25b for junction actually, Since the Sn- 
nickel compound membrane 30a and 30b is formed right above an electrode, the Au-Sn 
compound membrane 31a and 31b will intervene between the narrow Sn-nickel 
compound membrane 30a and 30b and the solder 25b for junction between large Ni films 
23a and 28 and the solder 25b for junction. 

[0044]Between Ni film 23a, between the semiconductor substrates 21 and Ni electrode 
28, and the circuit board 26, Ti films 22a and 27 intervene as an adhesion layer, 
respectively. 

[0045]Next, how to create the above-mentioned semiconductor device is explained, 
referring to drawing 1 - drawing 3 . 

[0046]First, as shown in drawing 1 (a), Ti film 22 of 100 nm of thickness used as an 
adhesion layer is formed by a sputtering technique on the semiconductor substrate 21 in 
which the integrated circuit which consists of a transistor, wiring, etc. was formed, Ni 
film 23 of 2 micrometers of thickness which serves as a barrier layer on Ti film 22 with 
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plating is formed, and Au membrane 24 of 700 nm of thickness which serves as the upper 
layer for wettability with plating the same on it is formed. 

[0047] As shown in drawing 5 at this time, the thickness of Au membrane 24 requires 
cautions in order to affect the content of Au which comes to be contained in Handa at the 
time of solder melting. It is a graph which shows the result which drawing 5 made the 
parameter the gap between the semiconductor substrate 21 and the circuit board 26, and 
was investigated about Au content in Handa at the time of solder melting, A vertical axis 
shows Au content (wt%) in Handa who expressed with the linearity graduation, and a 
horizontal axis shows the Au membrane thickness (micrometer) of the electrode top layer 
expressed with the linearity graduation. 

[0048] Subsequently, as shown in drawing 1 (b), Au membrane 24, Ni film 23, and Ti 
film 22 are patterned using the same mask, and an electrode with a diameter of 100 
micrometers which should be joined with solder is formed. Thereby, the multilayer 
electrode which consists of Ti film 22a of an adhesion layer, Ni film 23a of a barrier 
layer, and Au membrane 24a of the upper layer for wettability is formed from the 
semiconductor substrate 21 side. 

[0049]Next, as shown in drawing 1 (c), the solder bump 25 is formed on the electrode of 
the semiconductor substrate 21. There are some which are called what is called a dimple 
plate method as an example of such a solder bump's formation method, and the method is 
shown in drawing 4 (a) and (b). 

[0050]First, the solder powder and flux vehicle which contain 3.5wt% of Ag in Sn are 
mixed by the ratio of 9:1, and the soldering paste 25c is created. 
[0051] Subsequently, as shown in drawing 4 (a), the crevice 52 of the transfer plate 51 is 
filled up with this soldering paste 25c. Then, as shown in drawing 4 (b), it heats so that it 
may become the temperature more than the melting point of solder, and the soldering 
paste 25c is fused, and the solder ball 25d is formed. 

[0052]Contact the electrode of the semiconductor substrate 21 to this solder ball 25d, it is 
made to adhere to it, and the solder bump 25 is formed on an electrode. Flux is applied to 
the solder bump's 25 surface, in order to prepare the solder bump's 25 formed shape and 
to remove a surface oxide layer, in nitrogen, it heats, and it fuses to temperature with a 
melting point of not less than 280 ** of solder, and it is solidified. This state is shown in 
drawing 1 (c). 

[0053]Then, a dicer etc. cut the semiconductor substrate 21 and it separates into the chip 
of the shape of a square whose plane shape is 13 mm per side. 

[0054] Subsequently, after applying flux to the solder bump's 25 surface, on the electrode 
of the circuit board 26, alignment of solder Bengbu 25 is carried out, and it is contacted. 
The electrode of the circuit board 26 has the same structure as the electrode of the 
semiconductor substrate 21, and it comes to laminate Ti film 27 of an adhesion layer, Ni 
film 28 of a barrier layer, and Au membrane 29 of the upper layer for wettability from the 
bottom in order. As shown in drawing 2 (a), on the electrode of the circuit board 26, 
alignment of solder Bengbu 25 on the semiconductor substrate 21 is carried out, and it is 
contacted. The electrode of the circuit board 26 has the same structure as the electrode of 
the semiconductor substrate 21, and it comes to laminate Ti film 27 of an adhesion layer, 
Ni film 28 of a barrier layer, and Au membrane 29 of the upper layer for wettability from 
the bottom in order. 

[0055]Next, as shown in drawing 2 (b), solder Bengbu 25 is heated to a temperature of 
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280 ** higher than melting temperature, melting of solder Bengbu 25 is carried out, and 
electrodes are joined with the solder 25a. At this time, the gap between the semiconductor 
substrate 21 surface and the circuit board 26 surface was about 60 micrometers. 
Therefore, the content of Au contained in Handa is presumed to be about 3% from 
drawing 5 . 

[0056] At this time, Au is spread in the solder 25a from Au membrane 24a and 29 of the 
top layer of two electrodes, it combines with Sn, and the Au-Sn compound 3 1 distributed 
in the solder 25a is formed, nickel is spread in the solder 25a out of an electrode, and the 
Sn-nickel compound membrane 30a and 30b is formed between the solder 25a and Ni 
films 23a and 28. In this case, since the diffusion rate of nickel to the solder 25a which 
uses Sn as the main ingredients is slow, the Sn-nickel compound membrane 30a and 30b 
is formed right above an electrode. 

[0057]Subsequently, the solder 25a is heated in nitrogen at a temperature of 125 ** lower 
than the melting point of the solder 25a. The Au-Sn compound 3 1 distributed in the 
solder 25a condenses near the Sn-nickel compound membrane 30a and 30b by this, and 
the Au-Sn compound membrane 31a and 31b is formed between the Sn-nickel compound 
membrane 30a and 30b and the solder 25b. 

[0058]It is joined to the semiconductor substrate 21 and the circuit board 26 by this with 
the solder 25b in which the electrodes formed, respectively use Sn as the main 
ingredients, and the semiconductor device to which it electrically comes to connect 
between the semiconductor substrate 21 and the circuit board 26 is completed. 
[0059]Next, the sample for an examination which has the same composition as the 
semiconductor device of the above except the thickness of Au membrane was created, it 
used using these, and the thermal cycling test was done. 

[0060] Four kinds of semiconductor devices into which the thickness of Au membrane 
was changed as a test sample with 0 micrometer (with no Au membrane), 0.05, 0.5, and 
1.0 micrometer were created. Other conditions are the same as a 1st embodiment. 
[0061] The test condition of the thermal cycling test was repeated several times until the 
joining section etc. fractured by making -55 **->+125 **->-55 ** into one cycle. In this 
case, each temperature state in 1 cycle is held for 30 minutes. 
[0062]The result is shown in Table 1. 
[0063] 
[Table 1] 


u « 

1 

2 

3 

4 

Au8?g 

0 

0.05 

0.5 

1.0 


200 

200 

400 

500 


-55*0 (30#) -»+125t (30#) -*-55 < C (30ft) 
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[0064] According to Table 1, in Au membrane nothing and the case of 0.05 micrometer, it 
fractures in 200 cycle, and, in the case of 0.5 micrometer, fractures in 400 cycle, in the 
case of 1 .0 micrometer, there is also no fracture up to about 500 cycles, and the good 
jointing condition was maintained. 

[0065] As mentioned above, according to a 1st embodiment, the electrodes which fuse the 
solder bump 25 who uses Sn as the main ingredients, and have Ni films 23a and 28 and 
Au membrane 24a and 29 of the top layer at least are joined, The Au-Sn compound 
membrane 31a and 31b which furthermore heats and touches the solder 25b between Ni 
films 23a and 28 and the solder 25b is formed. 

[0066]That is, the Au-Sn compound layers 31a and 31b which have the diffusion 
depressor effect of nickel can be formed between Ni films 23a and 28 which constitute an 
electrode widely, the Sn-nickel compound membrane 30a and 30b narrowly formed right 
above the electrode between the solder 25b on the occasion of joint formation, and the 
solder 25b. For this reason, diffusion of nickel to the inside of the solder 25b can be 
controlled, and reduction in an electrode area can be prevented. 

[0067]It can decrease in the poor vamp chip of the joint formation by solder in process by 
this, a jointing condition even with after [ good ] joint formation can be maintained, and 
improvement in a heat-resistant fatigue life can be aimed at. 

[0068] Although stress concentrates on the interface of the Au-Sn compound membrane 
31a and 31b and the solder 25b, The part which the stress to the solder 25b concentrates 
can be shifted to the center section of the solder 25b by lengthening cooking time after 
joint formation, or increasing the quantity of Au in the solder 25a, and forming the thick 
Au-Sn compound membrane 31a and 31b. Thereby, the stress to the solder 25b can be 
distributed to both the substrates 21 and 26, and it can ease, and is effective in raising a 
life. 

[0069] Since growth of the Au-Sn compound membrane 31a and 3 lb is promoted by 
heating of a thermal cycling test etc. and the thicker Au-Sn compound membrane 3 la and 
3 lb is formed, the effect which controls nickel diffusion into the solder 25b further is 
acquired. 

The joining method by another solder which creates the semiconductor device of a 1st 

embodiment is explained referring to (a 2nd embodiment), next drawing 6 . 

[0070] A different place from a 1st embodiment is the point of making a proper quantity 

of Au(s) containing in the solder 44, without forming Au membrane in the top layer of an 

electrode. 

[0071]First, Ti film 42 of 100 nm of thickness used as an adhesion layer is formed by a 
sputtering technique on the semiconductor substrate 41 in which the integrated circuit 
which consists of a transistor which is not illustrated, wiring, etc. was formed, and Ni 
film 43 of 4 micrometers of thickness which serves as a barrier layer on Ti film 42 with 
plating is formed. 

[0072] Subsequently, Ni film 43 and Ti film 42 are patterned using the same mask, and an 
electrode with a diameter of 100 micrometers joined with solder as shown in drawing 6 
(a) is formed. 

[0073]next, Au - 5wt% - the solder powder and flux vehicle of Sn-3.5Ag which are 
included are mixed by 9: 1, and soldering paste is created. Then, the solder bump 44 is 
formed on the electrode of the semiconductor substrate 21 with the dimple plate method 
shown in drawing 4 (a) and (b). Flux is applied to the solder bump's 44 surface, in order 
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to prepare the solder bump's 44 formed shape and to remove a surface oxide layer, in 
nitrogen, it heats, and it fuses to temperature with a melting point of not less than 280 ** 
of solder, and it is solidified. 

[0074] Subsequently, after applying flux to the solder bump's 44 surface, on the electrode 
of the circuit board 45, alignment of solder Bengbu 44 of the semiconductor substrate 41 
is carried out, and it is contacted. The electrode of the circuit board 45 as well as the 
electrode of the semiconductor substrate 41 comprises Ti film 46 and Ni film 47 on it. 
[0075]Next, solder Bengbu 44 is heated at a temperature of 280 ** higher than melting 
temperature in nitrogen, melting of solder Bengbu 44 is carried out, and electrodes are 
joined with solder. Although not shown in a figure at this time, Au in solder Bengbu 44 
combines with Sn, and the Au-Sn compound distributed in Handa is formed. As shown in 
drawing 6 (b), the Sn-nickel compound membrane 48a and 48b which intervenes between 
solder and Ni films 43 and 47 is formed. 

[0076] subsequently - heating solder at a temperature of 125 ** lower than the melting 
point of solder, as shown in drawing 6 (b) - predetermined time maintenance — it carries 
out. The Au-Sn compound distributed in Handa condenses near the Sn-nickel compound 
membrane 48a and 48b by this, and the Au-Sn compound layers 49a and 49b are formed 
between the Sn-nickel compound membrane 48a and 48b and the solder 44a. 
[0077]It is joined with the solder 44a in which the electrodes formed in the 
semiconductor substrate 41 and the circuit board 45 as mentioned above, respectively use 
Sn as the main ingredients, and the semiconductor device to which it electrically comes 
to connect between the semiconductor substrate 41 and the circuit board 45 is completed. 
[0078] As a result of doing a thermal cycling test up to 500 cycles on the conditions same 
about this semiconductor device as a 1st embodiment, there is also no fracture and the 
good jointing condition was held. 

[0079] As mentioned above, according to a 2nd embodiment, Au is made to contain in the 
solder 44 which does not form Au membrane in the top layer of an electrode, but uses Sn 
as the main ingredients, the solder 44a is fused, and electrodes are joined and heated. 
[0080] Since the Au-Sn compound membrane 49a and 49b can be formed by this between 
the Sn-nickel compound membrane 48a and 48b and the solder 44a which were generated 
right above the electrode between Ni films 43 and 47 in an electrode, and solder on the 
occasion of joint formation, Diffusion of nickel to the inside of the solder 44a can be 
controlled, and reduction in an electrode area can be prevented. 
[0081] By this, it can decrease in the poor vamp chip of soldered joint formation in 
process, a jointing condition even with after [ good ] joint formation can be maintained, 
and improvement in a heat-resistant fatigue life can be aimed at. Although the above- 
mentioned embodiment has explained the concrete gestalt of the invention in this 
application, it is not restricted to the above-mentioned embodiment and various 
modifications about [ which is drawn from the above-mentioned embodiment ] a design 
variation are included in the technical scope of the invention in this application. 
[0082]For example, although content of Au in the solder 25a after fusing the solder bump 
25 and joining electrodes is made into about 3 wt(s)% in a 1st embodiment, Although not 
the thing restricted to this but the thickness of Au membrane 24a and the height (gap) of 
the solder 25b may be adjusted and the content of Au in the solder 25a may be adjusted 
arbitrarily, the range more than 0.1 wt% and not more than 20wt% is especially preferred. 
[0083] Although content of Au in the solder 44 when electrodes are joined with the 
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quantity of Au in the solder 44, i.e., solder, is made into 5wt% in a 2nd embodiment, 
similarly the content of Au in the solder 44 can be chosen arbitrarily. The range more 
than 0.1 wt% and not more than 20wt% is especially preferred. 

[0084] Although a 2nd embodiment shows the case where Au membrane is not formed in 
the top layer of an electrode, it can apply, also when the thickness of Au membrane is 
thin. Also in this case, although Au membrane thickness, a gap dimension, heating 
conditions, etc. of deciding the content of Au in original Handa and the quantity of Au 
diffused in Handa from an electrode at the time of solder melting can be adjusted and the 
content of Au in Handa when junction to solder and an electrode metal is formed can be 
adjusted arbitrarily, Similarly the range more than 0.1 wt% and not more than 20wt% is 
preferred. 

[0085]moreover — although the solder bumps 25 and 44 are formed only in the 
semiconductor substrate 21 and 41 side in 1st and 2nd embodiments — the semiconductor 
substrate 21 and 41 side and the circuit board — it may form in both 26 and 45 side. 
[0086]In 1st and 2nd embodiments, although what added Ag is used for Sn, what added 
any at least one of Bi, Cu, In, nickel, Sb, or Zn to Sn may be sufficient as solder. 
[0087]In 1st and 2nd embodiments, when nickel is used as a material of the barrier layer 
of an electrode, this invention is applied, but this invention can be applied also when the 
alloy containing nickel is used. 
[0088] 

[Effect of the Invention] The electrodes which have an alloy film which according to this 
invention fuses the solder which uses Sn as the main ingredients, and contains a Ni film 
or nickel at least, and the Au membrane of the top layer are joined, and the Au-Sn 
compound layer which touches solder is formed between the alloy film and solder which 
heat further and contain a Ni film or nickel. 

[0089] Or when not using Au membrane for the top layer of an electrode, or when the 
thickness of Au membrane is thin, it is characterized by using the solder which uses Sn 
containing Au as the main ingredients. 

[0090] Therefore, since the Au-Sn compound layer which has the diffusion inhibition 
effect of nickel is formed between Sn-Ni compounds and the solder which are formed 
right above an electrode between the Ni film in an electrode, etc. and solder in the case of 
joint formation, diffusion of nickel to the inside of Handa can be controlled, and 
reduction in an electrode area can be prevented. 

[0091]By this, it can decrease in the poor vamp chip of soldered joint formation in 
process, a jointing condition even with after [ good ] joint formation can be maintained, 
and improvement in a heat-resistant fatigue life can be aimed at. 

[Brief Description of the Drawings] 

[Drawing l] It is a sectional view (the 1) showing the joining method by the solder 
concerning a 1st embodiment of this invention. 

[Drawing 2] It is a sectional view (the 2) showing the joining method by the solder 
concerning a 1st embodiment of this invention. 

[Drawing 3] It is a sectional view (the 3) showing the joining method by the solder 
concerning a 1st embodiment of this invention. 

[Drawing 4] It is a sectional view showing the formation method of solder Bengbu 
concerning a 1st embodiment of this invention. 
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[Drawing 51 It is a graph which shows the correlation of the content of the thickness of the 
Au membrane in the formation method of solder Bengbu concerning a 1st embodiment of 
this invention, and Au in Handa. 

[Drawing 61 It is a sectional view showing the joining method by the solder concerning a 
2nd embodiment of this invention. 

[Drawing 71 It is a sectional view showing the joining method by the solder concerning a 
conventional example. 
[Description of Notations] 

21 and 41 Semiconductor substrate (the 1st substrate) 

23, 23a, 28, 43, 47 Ni films 

24, 24a, 29 Au membrane 

30a, 30b, 48a, 48 b Sn-nickel compound membrane 

25 Solder bump 
25a and 44a Solder 

26 and 45 Circuit board (the 2nd substrate) 
3 1 Au-Sn compound 

3 la, 3 lb, 49a, 49 b Au-Sn compound membrane 
44 The solder bump containing Au 
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X£ffiffiL£<0*>. @K««2 6c7)«fficO±tcWNV 
72 5 U t^Stf*.. 0SSS«26O« 

»i*NWHHK210)«ttiRfcltafc*U T*»4>» 
i R 2 7 b A 'J 7«<9N i R 2 8 h jfBftte 1*1 J: 

m<oAum2 9ktfMiizmmzti.x%i. 02 (a) t 

m?£ 0 iz . 0S§«« 2 6 <7)«®<7)±tiNlf*fflg 2 1 
±<0^fflAV7 , 2 5$rfiS-&irfrL, «ftt§^S. @SS 

s«2 6<o«ffitt^«««i2 1 eflmtw im&m 

T*^?&«10TiR2 7tA-U7lONiR2 8 

b ilftttfl JJl^A u R 2 9 fc **iifc««snT^s. 

[0055] mz. 02 (b) (C^-t<J:3t, Wty 
72 5 Sr^iiaSJ: 0 tiSV^2 8 0*Cfc»LT¥ 
ffl/<yT2 SSifflKS*. «®|5l±&¥Ba2 5 aJCj: 0 
J8£-f&. dOt^, ^(*=a«2 1^fflt[slS8a«2 
6^®t<7)ra^ d f-vx7 , {i:* { j6 0x<mt-J>o^. ft-o 
T. 05 J; 0, *Ba«t>t**<tSAu<0**«Ul-f-3 

%bmfct*ti&. 

[00 56] znbZ. mWM<r>m±Mcr>Aum2 4 

a, 2 9*^Au*^ffl2 5a+(Cffii5cLTSnt^ 
L, ^BB2 5a«^»rri»Au-Sn-fb^31* { » 
i-t. *ffi+a»6N i *qiffl2 5 a+fcteft 
U-C*ffl2 5atN iSI23a, 28t<0StSn-N 
ift-&HjR30a, 3 0b*«»jRSil4. ^^J*^. N 

1 ttS n t±)S*i:-f 4*B32 5 aA^KKaa&Wl^ 
fc*>, Sn-Ni<t^30a, 3 0 btilUcOlLb 

[0057] <?:v^T, ¥ffl2 5 a £2^5+^682 5 a 

nmAx *) i>&^m. 1 2 5x:ximti. zntx 

0, W2 5a+t^Srfl.Au-Sn^^3 1* { S 
n-Nift^R30a, 3 0 b <0i£< t«* IX S n 
-NHfc£ftR3 0a. 3 0bk*B32 5bi:<0BBKA 
u - S nft«3 la, 31b jWBftSili . 
[0058] ifi(C J: 0 . 2 i i #*»K2 1 b 13S8««2 
6 K*it<e*l»*Silfc«ffH±* , S n 
^#ffl2 5 b(CJ; 0^$^T^fr«R2 1 

2 6ra*<«^{C^§n-C=3:l» i l i »*^a* { ^t 


[oo59] <wc „ a u v&<nwm.w\-ku<r)*m&mw. 

[00 6 0] I^I^fcLTAuittfOlJf^Ojum (A 
uJg*lL) . 0. 05. 0. 5, 1. 0^mt^it4 

[006 1 ] »1M ^l^Ot^ttte, - 5 5°C-> 
+ 1 2 5 C C — 5 5*C5r— «M 

*(ry&m.wm$ 3 o#ia&js$ii!.. 

[0062] f tf>*£3l£*l 1 fc*t. 

[0063] 

[HI] 



1 

2 

3 

4 

(/inn) 

0 

0.05 

0.5 

1.0 


200 

200 

400 

500 


2) K8»*;£ 

-55*0 <30tt) -»+125t (30») — 55*C (30«) 

sit ^Tmm&zwmmzTnvi'jhS: 

[0 0 64] SllCiftJf. AuIiL, RVO. 0 5 
/im<0%&2 0 0-t^^^TKKL. 0. 5wm^ 
4 0 0'<M?;l'-Cl&»rU 1. 0;um<7>i§£Jl-£5 0 0 

[0065] jiLLOct 5 1 . * i commmmizx n 

{f. Sn$r±^t-f|.WN>r2 5$rJSBlLT^ 
<ttNi!23a, 2 8i§!±l<7)Au!24a > 2 
9t^1-|»m^|5l±^^L, $*>fcJO»LTN il 
23a, 2 8i¥ffl2 5bi<0P B »EB2 5bi&'t& 
Au-Sn<t&l$Jll3 1 a, 3 1 b £$j£l/0>l> . 
[00 6 6] fiPt>. £<{iS«S£fft£-fl>Ni!yt2 3 
a. 28i¥ffl25bc7)|tL«< te^JE^Htm® 
Wtt_bO&££ft*:Sn-N i^!30a, 3 0b 
b m 2 5 b I c7)H(CN i <73Ki5tW»*2:*t§ A u 
-Sn£^ftl3 1a, 3 1 b mmhZ\ ttfX'% 
ZCOtzfr. ¥ffl2 5b4"\ON iO&mmil. 

[0067] CliiCJ: 9 . ^BBtcJ: S»£#jft«01g't' 
[0068] fcfc. Au-Snft^«3 1a, 3 1b 


^LTil^Au-Sn-fk^te^S 1 a, 3 1b£J&£t 
SdfctCioT, ¥ffl25b^jS^*Jm4>-f|,iSBf$: 
*Ea2 5b(7)tf*S A vtv'7>$€S^t* < -C-#S. £ 
/UciO. ¥ffl2 5bAs<7)j&ft£pi3S1K2 1, 26(c# 

S. 

[ 0 0 6 9 ] f/lGffi&Oliti&liZXOAti 
- S nit&«3 1 a . 3 1 b 0)ric##{Eji £ ft"t <fc 0 
*V*Au-Snfli£?W»3 1a. 3 1 bjWB«8*l4fc 

(H2OD08Sfc<OJ$g) <ftfc. H6$r#BBL^* { ^10 

[0070] mKOH^JBfflifcM^tCl^i. 
«*JJBfcAuKSr»iRiii"t: % ¥ffl4 44HcAu$:il 

[007 1 ] ^-f. HiSL*^h?Vi/X**Kil*A» 

i&SUI 1 0 0 nm(0T i R4 2 £*A-y ^^(Ci 0 

1S4 m CON i 14 3 £ AMf 6 . 
[00 72] IMtVX^Srffl^TN iK43t 

T i 14 2 t ^^--y/U .126 ( a ) fc^-fj: 

[00731&M, Au£5wt%&frSn-3. 5A 
T. ^H^-^hfrfMW*. «WC. 134 (a) , 

( b ) izm-fr < yy^ru-hmzx o . *m*yr 

4 4 2 1 «WiJ:t:»|jW-«. WMJflfc 

W?vr4 4<03B«tSEi. SiBalMftdR*Ilt£*- 
Sfctf>. #fflA>7 , 4 4<0&fflfc75-y?X£&*|iU 
SHS*-C¥ffl«)l»bS2 8 0-CtJUi<7)iaJStjD^UT?fil 

[0074] ft^T', W<>-r4 40Hfflt7 5-y^ 
* *m I fctt. EI8&ffig4 5 <7)«fficD±K¥g#ffi£ 
4 1?>¥fflA-yr4 4£{iS£;b-ltU igfS4$tf6. ft 

< T i 14 6 1 ^±(0N i 14 7 fc*»4>fl|«$n"r V» 

[0075] at, ^ffl^yT4 4 £Ms!?#-C1Wiai£J£ 

(CvtTV^V^. *B^tyT4 4 +<0Au*«Snt« 

4. 126 (b) CifioC, ^EBtN 114 
3, 4 7i:«iat^4-r4Sn-Ni-(k'S*|R48a. 
4 8b*qg^§<t4. 


[00 7 6] fcWC. 06 (b) lZ7fi?£ot,z. ¥ffl<0 

iskhm-*. emtio, ^Ba+ic^HS-r&Au-sn 

ft^Sn-N ilt$mm8a, 48bc7»£<Kg 
mtTSn-N ift^MR4 8a. 48bt¥ffl44a 
t«;Au-Snf^iI49a, 4 9b#Jgj££il 
6. 

[00 7 7] JiUhtf5<H KIT. ^ft*t£4 1 km 

acts. 

[ 0 0 7 8 ] Z 0#WHt»CO^TM 1 <OHteco^ffii 
fc fl t*frT1»lM ?A*Mfcfc 5 0 01M ^/UiT'fifo 

[0079] J2Utf)J: a W20>$e**»KIMC ifl 
J2\ «^«JJIfcAuR£»j£-lH , Snfc±jfc#i:'$- 
i*ffl4 4«t>fcAu^*3-e-C, ¥H4 4afc*KL 

[0080] ZtllzX *) . mfig+ON i $4 3 . 4 7 1 

Sn-Ni^W48a, 4 8b i¥B4 4 a fc <7)ffl 
CAu-Sn^«49a, 4 9 b tB&tlZ ktf 
T'SSOT'. ¥ffl4 4a4"V<0N i U < 

[0081] CfifcJ: oT. «^^Ig+«A' 
^xmW IX § it* 5 . ±iBH«t^©tR8^>itl. t ore 

[ o o 8 2 ] Mitf . * i commoBBx-ii. *m'*y 

7*2 5*miLXmm±Z®&lfi:1k<7)¥B2 5 a+ 
OAuc7)-&*M5r/L-?-3wt%i;LTV>|.*«, -IftCffi 
4>*T.StOT1i^<, AuJ8t24atf>B8«*¥ffl2 5b 
OftS (^77) *PBl/C¥ffl2 5a«f0>Aufte 

«*ffi»ci«LTJ:v^ mzo. iwt%ia±, 

2 0 w t %UTcr>®Btfm U\ 

[0 08 3] ^2OHJt<0^t'{i. ¥ffl4 4* 

¥S34 4+^AuC9-§-«£5wt%£: LTU htK l§l 
t<¥ffl44*OAuO£Wl£ft&fcjiffi-e£l>. «f 
to. 1'wtXULh. 2 0wtWR>«H>WfiF*l, 

[ 0 0 8 4 ] $ <5> C. »2«0iattfWB!Ii-ett. 

a u mmmm^iiiittz t ajar* s . ; 

mco*m*<7)Aucr>%Ga.t*m®m.mzn®fr 
t>*mwzim.?$>Au<7)m£ik*>&. aujbup, 


Uci #?>¥ffl4>tf>A u^#ft$r€ESHM 
m-hZttfX'%hi)K m<0. lwtXJSJL 20 

wtwF*>«i&Mff* lw 

1 0 0 8 5 ] £ . S$ 1 &tf IS 2 OWtWJBffirtt. ¥ 
ffl^y72 5, 4 4£¥&{*Sg2 1 , 4imiZCDfrB 

fRLx^htf. *m&mi.2 1 . 4 imt[Hissa«2 

6, 4 5«tMUt<t^. 
[0 086] Sfefc. ^l&Vm20HteW^®T'{i, 

Sn£, Bi, Cu, In, Ni. Sb, XteZnO? 

[0 087] mi&t/^2<^t^.®T{i. s 

[0088] 

ffl**ltl/W4r< i N i JRXttN i tr&&K 
fcfi±l<0Au)Sfc5:*-tS«fiil5|±?r^L. 3*>K 
KUN iffitXtiN i £.S><tf£&JIfc¥ffli:<«;: 
^Bat«t*Au-Snfl:^*l*»«LTV^. 
[0 08 9] XJi. MK>»±!fcAull£ffl^$rVi# 

«V>liAu«W)iW**»V^(Cli, Au^tL 

[009 0] ft-aT, t®t«N iR3Sfc¥ffl*>ISL £ 
V>liJ*^j*<^fcWtoB±fcra**fl* S n - N i 

tstS:W$ij l . wmmrm&mfcth z t tfx-% s . 

[009 1 3 CinCioT. ^Ba^^B^IS+OA' 
[0®^fS#=SrljiBJ3 

[Hi ] *%wmi<^mmmz&i*miizjih® 

inumz^xmmmm w\ ) t**. 

[02 ] #&bjic7)§is i «sm««mic<ift¥Ga«:J:'«« 

^^(co^T^tUiH0 (-e<02) f?>l». 

[03 ] wjeo^ i <nm.mm,zm*mz i. i% 
■sumz^xTjktmMm (*t>3)?t>i. 
[04 ] *mw%i ommmm&*m>*>y<o 
wtfdmz-o^XTtfr mmmx'h h . 
[05 ] *nmtm i «nsfi<o^»^s^ffl^yr<o 
^js^tfcfts a u mcowmt *m*<?> a u w#^fi 

[06] *m0)m2<rm&mmiz®&*miz£z>& 
immz^XTrs-mmmx-hz . . 
im7 1 fcmiz®zmiz£z%-&i;miz^x*t 
mmx-bi. 
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21,41 *mwmsi (micomm) 

23, 23a, 28, 43, 47 Nil 

24, 24a, 29 Aul 

30a, 30b, 48a, 48b Sn-Niftt 

25 ¥m><yy 


25a, 44a ¥ffl 

26,45 mmm (m2cmm) 

3 1 Au-SnM 

31a. 31b, 49a, 49b Au-Sn<ffc£^BI 

4 4 AuAD^fflAvr 


[01] 


[02] 


(a) 


/24a 
ry23a 


(b) 





-i^ ^22a 

1 RS23a 


-21 


(a) 


-21 



I = aB = KO?8 Njfi 

KVZ7 ra 
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SZHgJ 


[04] 

(a) 


(a) 


[06] 



44AuA¥H/*>7 


• 45E»HC 


(b) 


22a 
24a 


25d*B#-JU 



(b) 


If 

SrvNHfcfcttE 48a 



$n-Nifc£tt» 481 


49a Au-Snft#tt« 

443*ffl 
49bAu-Sn<t*ttR 


[07] 





1 


(a) 


1 £U8*& 


(b) 



